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INTRODUCTION 


Stress  biochemistry  has  been  an  inportant  area  of  medical  research  in  the  U.S. 
Navy  for  at  least  25  years-  Men  and  women  under  stressful  field  circumstances  may 
suffer  physiological  changes  resulting  both  in  decrements  in  job  performance  and  in 
clinical  illness,  so  that  the  ability  to  measure  physiologic  changes  before  actual 
detrimental  effects  occur  becomes  very  important.  Part  of  the  research  performed  by 
the  Navy  over  the  last  two  decades  has  been  directed  toward  the  elucidation  of 
changes  in  several  components  of  blood  and  urine  in  Navy  subjects  under  stressful 
field  conditions,  including  underwater  demolition  team  trainees,  submariners,  Naval 
aviators  making  aircraft  carrier  landings,  oonpany  commanders,  and  Navy  and  Marine 
recruits.  These  studies,  in  which  the  investigators  an  this  proposal  have 
participated  (Rabin,  1974;  Rubin  and  Rahe,  1974),  have  shown  that  many  biochemical 
changes  are  related  to  quantitative  changes  in  the  perceived  stress  that  the  subjects 
are  undergoing;  examples  include  serum  uric  acid,  cholesterol,  cortisol, 
testosterone,  and  certain  enzymes. 

It  has  been  possible  to  measure  circulating  concentrations  of  these  hormones, 
enzymes,  and  metabolites  in  blood,  following  the  advent  of  sensitive  and  specific 
radioimmunoassay  techniques.  Much  stress-biochemical  research  has  shown  that  blood 
concentrations  of  these  measures  are  more  reliable  than  urinary  measures,  which  often 
are  non-specific  because  of  the  inclusion  of  related  metabolites  as  well  as  the 
parent  compound  itself  (e.a.  cortisol  and  testosterone).  Therefore, 
stress-biochemical  research  in  recent  years  has  focused  primarily  on  relevant 
measures  in  blood,  which  necessitates  at  least  cne,  and  frequently  several, 
venipunctures  to  obtain  sanples.  Because  many  hormones  are  secreted  episodically, 
several  blood  samples  must  be  taken  over  a  relatively  short  period  of  time  in  order 
to  accurately  measure  integrated  hormone  concentrations. 

Military  personnel  in  actual  field  circumstances  often  are  undergoing 
considerable  psychological  and  physical  stress  at  a  time  When  they  are  required  to 
perform  intricate  and  demanding  tasks,  so  that  research  with  invasive  techniques  such 
as  venipuncture  is  not  always  feasible.  Indeed,  the  venipuncture  itself  may  be 
stressful  to  the  individual  and  is  known  to  change  blood  concentrations  of  several 
hormones,  including  the  st r ess-respohf \ ve  hormones  cortisol  and  prolactin.  In  order 
to  circumvent  this  problem,  we  have  begun  measuring  steroid  hormone  concentrations  in 
saliva  as  a  non-invasive  reflection  of  steroid  hormone  concentrations  in  serum  or 
plasma.  Steroid  hormones  are  secreted  into  saliva  by  ultrafiltration,  and  several  of 
their,  (cortisol,  testosterone,  progesterone)  have  been  shown  to  closely  reflect  serum 
hormone  concentrations  f Riad-Fahmy  et  al,  1982).  Many  steroid  hormones  in  blood 
circulate  in  both  free  and  protein-bound  forms,  and  it  is  the  free  fraction  Which  is 
presumed  to  be  physiologically  active.  Thus,  saliva  steroid  hormone  ooncentrat ions 
should  reflect  the  free,  physiologically  relevant  plasma  concentrations  and  thus 
might  actually  provide  more  information  than  the  measurement  of  total  plasma  hormone 
concentrations.  For  exarple,  24  hour  saliva  cortisol  concentrations  show  a  marked 
circadian  variation,  paralleling  blood  aortisol  ooncentrat ions,  and  are  similar  to 
free  aortisol  concentrations  in  serum,  which  are  1%  to  10%  of  the  total  serum 
cortisol  concentration  (Riad-Fahmy  et  al,  1982;  see  below). 


WORK  ACCOMPLISHED 

"We  have  measured  saliva  and  serum  cortisol  oonentrations  in  nine  normal  male 
volunteers  who  were  injected  intravenously  with  either  saline  or  dexamethasone  (0.5 
mg)  at  0800  hr,  with  blood  and  saliva  samples  collected  at  hourly  intervals  for  the 
next  15  hours.  Dexamethasone  is  a  powerful  synthetic  glucocorticoid.  Which  under 
normal  circumstances  suppresses  the  endogenous  secretion  of  ACIH  and  cortisol  for 
about  24  hours.  Figures  1A  and  IB  show  the  results  of  this  study.  On  the  saline 
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injection  day,  the  normal  diurnal  decline  of  cortisol  was  observed  in  both  serum  and 
saliva.  Both  the  across -subjects  and  with in-subjects  correlations  between  serum  and 
saliva  cortisol  concentrations  were  high  (r>0.8).  However,  the  ratio  of  saliva  to 
serum  cortisol  was  somewhat  variable  across  subjects  and  also  changed  within  subjects 
depending  upon  the  time  of  day.  These  differences  in  cortisol  ratios  may  have  been 
due  to  differences  in  free  (unbound)  cortisol  concentrations  in  serum.  Measurement  of 
free  cortisol  concentrations  in  serum  and  comparison  of  these  values  to  saliva 
cortisol  concentrations  currently  are  being  done. 

In  an  attempt  to  determine  the  threshold  for  oortisol  suppression  by 
dexamethascne ,  and  the  faithfulness  of  saliva  oortisol  measures  to  reflect  this 
threshold,  we  undertook  a  dose-response  study  of  nocturnal  low-dose  dexamethascne 
administration  in  normal  volunteers.  Figure  2  shows  the  results  cf  this 
investigation.  Three  normal  men  and  three  normal  women  were  given  various  doses  of 
dexamethascne  orally,  in  random  order,  once  a  week,  for  five  consecutive  weeks.  Each 
subject  took  dexamethascne  at  home  at  2300  hr  and  reported  to  the  laboratory  at  0700 
hr  the  following  morning,  at  which  time  single  blood  and  saliva  samples  were 
obtained.  Dose-response  curves  were  obtained  in  all  six  subjects,  with  all  subjects 
showing  suppressed  serum.  cortisol  concentrations  (<50  ng^ml)  at  a  dexamethascne  dose 
of  0.5  mg.  Some  of  the  subjects  also  had  suppressed  serum  oortisol  after  0.375  mg. 

The  cortisol  response  to  dexamethascne  did  not  appear  to  be  related  to  body  weight, 
since  REP  (the  heaviest  subject)  showed  reasonably  good  cortisol  suppression  after 
dexamethascne  0.25  and  0.375  mg,  whereas  LL  (the  lightest  subject)  only  suppressed 
after  dexamethascne  0.5  mg.  Of  importance  is  that  the  same  pattern  of  oortisol 
suppression  was  observed  in  saliva.  Again,  these  data  indicate  that  saliva  cortisol 
determinations  are  useful  in  assessing  adrenal  cortical  activity. 

Further  evidence  for  the  utility  of  saliva  oortisol  determinations  comes  from 
our  studies  of  endogenously  depressed  patients  and  their  normal  matched  control 
subjects.  Some  patients  with  endogenous  depression  show  an  early  cortisol  escape  from, 
dexamethascne  suppression.  We  measured  saliva  and  serum:  cortisol  concentrations  in  11 
endogenous ly  depressed  patients  and  nine  control  subjects  before  and  8,  16,  and  24 
hours  after  aexanethas jne  administration  (1.0  mg,  orally)  at  2300  hr.  Figure  3 
illustrates  the  results  of  this  study.  Six  of  the  2 C  subjects  had  post-dexamethasone 
serum  oortisol  concentrations  >50  ng/ml  and  thus  were  considered  escapers  from 
dexamethascne  suppression.  These  six  subjects  also  had  saliva  oortisol  concentrations 
which  were  significantly  elevated  conpared  to  those  of  the  suppressors.  Here,  again, 
measurement  of  saliva  cortisol  is  shown  to  be  useful  as  a  non-invasive  technique  for 
assessing  adrenal  cortical  function. 

In  order  to  extend  these  studies  to  work  circumstances,  plasma  and  saliva 
oortisol  and  testosterone  concentrations  were  measured  in  samples  taken  twice  at  rest 
and  twice  during  exercise  in  normal  men  to  determine  whether  physical  activity 
affected  either  hormone.  Fifteen  nale  military  and  civilian  personnel  working  for  the 
U.S.  Navy  in  San  Diego  completed  a  30  minute  run  an  a  treadmill  at  75%  of  maximum 
oxygen  consumption  capacity.  They  walked  at  3  mph  at  01  grade  for  four  minutes  to 
warm  up.  The  speed  ther.  was  increased  by  0.5  mph  each  minute  until  a  comfortable  pace 
between  7  and  8  mph  was  reached.  The  grade  then  was  increased  3%  per  minute  until  the 
subjects  voluntarily  stepped  running.  Continuous  oxygen  consumption  was  measured  by 
spirometry,  and  miximum  oxygen  consumption  capacity  was  determined  for  each  subject. 
The  next  day  the  subjects  returned  to  the  laboratory  at  the  same  time  of  day  for  the 
30  minute  test  run.  Each  ran  on  the  treadmill  at  a  speed  calculated  to  represent  75% 
of  his  maximum  oxygen  consumption  capacity.  The  first  saliva  and  blood  samples  were 
taken  prior  to  the  run.  The  subjects  then  warmed  up  at  6  mph  for  five  minutes  and 
then  ran  for  15  minutes,  at  which  time  saliva  and  blood  samples  again  were  taken.  The 
subjects  then  completed  the  last  15  minutes  of  the  run,  at  Which  time  they  gave  the 
final  saliva  and  blood  samples. 
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Table  1  presents  the  results  of  this  study.  Cortisol  concentrations  did  not 
change  significantly,  but  testosterone  levels  did.  Plasma  and  saliva  cortisol 
concentrations  were  highly  correlated  (r>0.8),  vfriereas  plasma  and  saliva  testosterone 
correlations  were  consistently  lower  (r<0.7).  Ihus,  moderately  heavy  exercise  did  not 
affect  plasma  and  saliva  aortisol,  or  the  relationship  between  them,  whereas  changes 
in  mean  testosterone  concentrations  during  exercise  were  statistically  significant 
and  similar  in  pattern  for  both  plasma  and  saliva.  The  rather  low  correlation  between 
plasma  and  saliva  testosterone  oould  have  been  due  to  the  relatively  restricted  range 
of  testosterone  values  in  these  subjects,  compared  to  those  of  other  studies  (Wang  et 
alt  1981). 

Finally,  we  have  been  investigating  the  feasibility  of  measuring  melatonin  in 
saliva.  Melatonin  is  a  pineal  hormone  which  has  a  clear  circadian  rhythm,  highest 
concentrations  in  plasma  occurring  in  the  middle  hours  of  the  night  during  sleep 
(Wetterberg,  1983).  We  measured  saliva  and  serum  corti *ol  and  melatonin 
concentrations  in  10  normal  nele  volunteers  during  one  night  of  complete  sleep 
deprivation,  between  1900  and  0600  hr.  Figure  4  shows  the  results  of  this  study.  The 
normal  late-night  nadir  of  both  serum  and  saliva  cortisol,  and  their  increase 
beginning  at  0230  hr,  is  evident.  The  normal  nocturnal  increase  of  serum  melatonin 
also  is  evident,  but  this  increase  unfortunately  is  not  reflected  in  saliva  melatonin 
concentrations.  Thus,  for  this  pineal  hormone,  in  contrast  to  the  steroid  hormones, 
saliva  measures  do  not  appear  to  be  an  acceptable  substitute  for  serum  measures. 
Perhaps  a  derivative  or  metabolite  of  melatonin  could  be  measured  in  saliva  and  might 
more  accurately  reflect  changes  in  serum  melatonin  concentrations.  We  are 
investigating  this  possibility,  but  it  depends  upon  the  availability  of  appropriate 
measurement  techniques  for  melatonin  metabolites. 
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Significantly  ( p< .05 )  different  from  baseline  and  pre-exercise  values. 
'All  concentrations  reported  In  ng/ml 


Figures  1A  and  IB.  Effect  of  saline  (A)  and  dexamethasone  0.5  mg, 
intravenously  (B),  administered  at  0800  hours,  on  serum  and  saliva 
cortisol  concentrations  for  the  next  15  hours  in  nine  normal  young 
adult  men. 
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Figure  2.  Serum  and  saliva  cortisol  concentrations  at  0700  hours 
following  oral  administration  of  different  doses  of  dexamethasone 
at  2300  hours  the  previous  night  in  six  normal  volunteer  subjects. 
Also  shown  are  the  sex,  age,  and  body  weight  of  each  of  the  subjects. 
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Figure  3.  Mean  (+SEM)  pre-dexamethasone  (2300  hours)  and  post- 
dexamethascne  (0700,  1500,  and  2300  hours)  serum  and  saliva  cortisol 
concentrations  in  11  endogenous'1  y  depressed  patients  and  nine  control 
subjects.  Serum  and  saliva  cortisol  levels  were  significantly 
elevated  in  the  six  cortisol  "escapers"  compared  to  the  14  suppressors 
at  both  1500  hours  (p<0.01)  and  2300  hours  (p<0.001). 


Cortisol 

Serum 


OMOMpMOtfO* 


8  0000000000  OOOQOOOOOO 

gOUOOOOOO 


Fiqure  4.  Serum  arid  saliva  cortisol  and  melatonin  concentrations  in  10  normal 


